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Extended abstract

Introduction

The response of plants to drought stress conditions is related to the severity of stress and its growth
stage. The amount of nitrogen and protein in oilseeds is related to the optimal storage of soil moisture.
Under drought stress conditions, by reducing the grain size, oil content and protein content, it fills a
large volume of grain space compared to non-stress conditions. One of the serious problems in rapeseed
production is the problem of water shortage in the reproductive period. In order to solve this problem,
relying on genetic potential and introducing genotypes and cultivars tolerant to drought stress is one of
the practical ways.

Materials and methods

In order to evaluation of the effect of cut-off stress on protein and seed oil content of spring rapeseed
genotypes a split plot experiment was conducted based on the randomized complete block design with
three replications at the research farm of department of plant production and genetics, Agricultural
Sciences and Natural Resources University of Khuzestan, Iran during 2020-2021. Main plots included
three irrigation treatment: control (without interruption of irrigation), interruption of irrigation in the
beginning of flowering stage (phenology code 60) to the formation of 50% pods (phenology code 75) and
interruption of irrigation in the stage of formation of pods until harvest (Phenology code 99) in the main
plots and the genotypes (Long pod, Aram, RGS 003, Jankom, Solar, Hayola 4815, Mahtab, Julius,
Agamax and Sala) were arranged in sub-plots with respect to irrigation treatments. The amount of seed
oil was determined by purim method. Oil yield was obtained by multiplying the percentage of oil in grain
yield by kilograms per hectare. Grain nitrogen content was calculated by Kjeldal apparatus. Protein yield
was obtained by multiplying the percentage of protein in grain yield by kilograms per hectare.

Results and discussion
The results of this study showed that the interaction effect of cutoff stress and genotype on all traits
except grain protein yield was significant. The highest oil percentage and seed oil yield were observed
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under normal conditions by Hayola 4815, Langpad and Solar genotypes. The highest percentage of seed
oil in both applied stresses was assigned to Hayola 4815, Langopad and Mahtab genotypes. Regarding
grain protein content and nitrogen content, the highest amount of mentioned traits was obtained under
drought stress conditions and lazy genotypes, Jankom, RGS003 and Hayola 4815. In general, under the
conditions of cessation of irrigation stress, the amount of grain protein increased, however, the oil
content was decreasing and a significant negative correlation was observed under normal conditions
and stress between the two traits. Due to the higher values of MP, GMP, HM, STI and YI indices in terms
of seed oil yield, compared to other genotypes under drought stress conditions were suggested as the
superior treatment.

Conclusion

Under drought stress, grain nitrogen content and increase while oil grain decreases, in fact, the amount
of nitrogen, oil and seed oil under irrigation stress conditions have a negative and significant correlation.

Keywords: Drought stress, Grain protein, Oil content, STI tolerance index
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Table 3. Comparison of the mean interaction of irrigation cut and genotype on the studied traits

T o e . dj‘é 03,)*‘3 ° .
Sk 95 095 Ol Seed S5 gy als 29,
lirrigation Genotype  Oil Content Nitrogen  Seed Protein  Seed QOil Yield
% kg.ha'!
Long pod 45.33 2.23 13.93 810.24
Aram 37 3.21 20.08 544.56
RGS003 44.66 277 17.33 612.62
T ot . Jankom 38 4.01 25.08 316.64
(twu) ‘jg’L"'J'l éw_"’"»’ Solar 48.33 2.70 16.89 824.31
without interruption of  Hayolad815 46.33 2.84 17.75 968.51
irrigation Mahtab 4533 2.16 13.50 720.88
Julius 36 2.90 18.16 436.91
Agamax 45 1.79 11.20 655.51
Sala 42.33 2.37 14.83 624.31
LSD 8.27 1.35 8.47 178.53
Longpod 45 3.41 19.70 520.17
Aram 40 5.41 25.06 449.96
P Al yo 40 IS RGS003 39.33 4.48 24.70 417.78
. ) Jankom 35.33 4.18 29.95 191.21
PO y95 Moy B U Solar 41 2.03 19.33 424.44
Interruption of irrigation in Hayola4815 43 4.14 26.75 662.34
the beginning of flowering Mahtab 41.33 2.86 15.37 374.14
stage up to 50% pods Julius 40 3.12 20.97 442.77
Agamax 38.33 2.12 15.08 411.85
Sala 41 2.84 15.64 418.01
LSD 6.35 0.77 4.81 134.83
Long pod 44.33 3.41 21.33 505.20
Aram 39 5.41 33.81 419.86
G PO yo5 aloyo y0 s RGS003 38.66 4.48 28 460.50
. Jankom 35 4.18 26.12 259.92
il Solar 39.33 2.03 12.70 521.24
Interruption of irrigation in Hayola4815 40.33 4.14 25.91 872.99
the stage of formation of Mabhtab 41.33 2.86 17.89 409.49
pods until harvest Julius 36 3.12 19.50 459.88
Agamax 38.33 2.12 13.29 453.86
Sala 44.33 2.84 17.75 500.82
LSD 4.67 1.05 6.57 127.9
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oo 18 e 5 1) ogllae Lyl )0 ceslin 5 ,Slos in rapeseed genotypes
.Mohseni et al., 2015) 95 gy oy es
i a . e fes Genotype Protein Yield
‘_ngua>Lw «(STI) oS A JA.?U L)"L"" )Ja;)l typ ke ha'
9 HM) &99&)& u—*i‘l-“' «(MP) EPTL u-*i’L*‘ Long pod 23713
T . c- Aram 30433
ooyl YL polis X :
ol Vb polis &5 (GMP) (cusio (590500 OSile RGS003 28080
lcwsy cwl adlles g0 slacuissy Joos Kbles Jankom 18762
N S Solar 21584
b Jlesl 15 90 ;2 50 Yaw 9 LY FAVD Yals Hayolad815 43038
. . L s . .. Mahtab 17905
Qole uoLaQ‘ S>> L ‘) 095 Lgl.aua.}Lw ﬁbLﬂ.o PP o Julius 23397
s ool ih 4 - oS s Agamax 16112
x e u:j‘““; ? SR P) 27T 9 Sala 19278

)L\.x..o ‘_g)ao).e‘; w.i:t..o kPLM: uLa.am ‘5>).) L)“’)l)f wLM.\‘ LSD 5545.1




1-4v IS ol slasisis 40 s, 5 (e Oliee 2 53] o 25 o b)) o fSom 5 05500

O al aS ol ol )8 s bl s o lecaig bl Sid i 4 Jesie ey i3S gl el
Oad g i dalpd j0 0 Sl o OS] 5 009 Wyl ple o5 J o (Mirzakhani et al., 2018) wis )S° 8,20
(Sio-Se Mardeh et al., 2006) aisls ol s &l Sley 6o Silie a3li o ,S 5155 - ladsre

ol @ld byl o 135 glocaisis Slas e Siloo (il g 425 B Jgor
Table 5. Analysis of variance mean square for canola genotypes under con interruption of irrigation dition
B 597 w00 B U (2ulS Al o (55lnl a3
Interruption of irrigation in the beginning of flowering stage up to 50% pods

4>y YP YS MP HM

ol P als o9, 9 Shos o Als 29y 0, les RN RS
S.0.V Olpmdi @l e G oy dlpd jd i Giad byl 5 Gl oi 5390 4 Sige,la
Replication IS 2 15759.3m 415.2m 3409.3m 1511.002"
Genotypes gy 9 110750.3** 41068.4™ 64655.4" 57373.02"*
Error wboil s 18 10831.5 6159.9 5092.03 4793.1
CV (%) Ol g o6 15.97 18.16 13.17 13.52

Sl U B30 95 (63l adad
Interruption of irrigation in the stage of formation of pods until harvest

Replication S 2 15759.3" 7.35™ 3895.1™ 3150.4
Genotypes e 9 110750.3" 50996.9* 71572.3%* 66574.5""
Error bl gls 18 10831.5 5559.4 3676.5 2974.8
CV (%) Ol e’ o g8 15.97 15.61 10.74 10.04
Table S. Continued alol b Jous

GBIz 395 w0 yd Be B (BAlS al> o (g3l alad
Interruption of irrigation in the beginning of flowering stage up to 50% pods

a0 GMP STI SDI YSI
oyl S Sile p3le N YI Solul e
S.0.V Slydd gl py [ O Jemi G ojles o Slas aSlh S st
Replication IS 2 2286.2" 0.012m 3.5m 0.002m 0.028™
Genotypes er¥; 9 60637.2™ 0.38" 93.08™ 0.21™ 0.06"
Error snlojl gas 18 4821.6 0.03 7.40 0.03 0.02
CV (%) Ol gt g g 13.18 24.87 13.18 18.16 20.93

Sl B (RO 95 (55l 2dad
Interruption of irrigation in the stage of formation of pods until harvest

Replication SIS 2 3478.8™ 0.15" 5.3m 0.00003"s 0.035"
Genotypes er¥s 9 68884.008™" 0.54™ 105.73" 0.22™ 0.06™
Error sinlojl gas 18 3245.7 0.03 498 0.02 0.04

CV (%) T JUUCS TR 10.29 22.53 10.29 15.61 27.12

Aoy S5 g g Jleiol mhaw (o s sme g o pime 8 i 5 4 FE g * s
ns, * and ** are non-significant and significant at the 1% and 5% levels, respectively

Iy o, See oS b s jlade o 3ol 00,5 olulis o3¢ Hlaie (YSI) o ,Slas (5 Il a3ls pgas ,o
e plad A Jleel bl 5o ol Coles 5 s SSLLS YL

a3l B3l sy iy i Selal Gialojl 5o 398 aFlh bawgi Vb gose ke b &5 (gl o
GRE 58 ey py9e slacaisy ple 4 cwws (YSD
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Jlatol b 55 (o a8 V) Sl b goocre 55
S rd )10 0929 (510 s (ot 203 iy 9 SO
- YI g GMP HM MP STI b asls )| S
S5 0990 JUst S Sl e S lgear il
Juy s o5 Ll 5o o 53 (S5 & Jorie sl
Sl slaazil aigd ools slrie Wl YU o Slas
«(Abbasali et al., 2017) ,Kep § Jrwle mls b
5 s «(Aboodeh et al.,, 2019) Koo 5 o34
aglyae; ¢ (Salamati and Dnaie, 2020) Lo

Syl Slsrae g cillas (Zaferaniyeh, 2015)

SIS R @Yl AS) )3 (B30 9> we 0 00 U (auls
2 CI0Y) Yaw g (+10Y) Clige slocuiss o5 g,
(L cnl S etz 53 we o B0 b el A
Ui ok b oSles b Gl 0wl Gl
oo ylis adly,s a5 wisg o, Sles ualS woys p
ool oadJloel (55 @y S gl (VL ol
(£ Jgo=)

Jozie sy Glyear (YSD bl a8 (o8sis
oealS Jlas g ails (6 5V0 o Sloe OLJS 89 o0 ol
(Yarnia et al., 2011) aas o olas |y 5 Slee

Jolge (Sid 15 a4 Cuglie j3 aSepl 4 azgi b
Sl g s e gl Lt 1) 5 o s ki
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il om0 (sl b 25 5 Jlei Ll

=

000 B0 5 (AALS 4l 0 33 5 lerl o 43 Copmsbins 9 Jox5 AL U 1515 sl 5 45 (595 9 55hos (sSilon dnmgllo # Jpar

ool 2 U (o BO(ar 195 9 (PO 195
Table 6. Comparison the mean of seed oil yield of rapeseed genotypes with tolerance and susceptibility indices to stage
stress interruption of irrigation in the beginning of flowering stage and interruption of irrigation in the stage of

formation of pods until harvest

Genotype R YP R YS N,[P H,M
R T
i o g bl pd p0 gl e bl el 50 i od) $i90xe Swigoyd
Long pod 810.24 520.17 66520  614.97
o Aram 544.56 449.96 49726 49274
w0y 00 U aals g)lul &8 RGgo03 612.62 417.78 51520 49343
B 395 Jankom 316.64 189.54 253.09  233.40
Interruption of Solar 82431 424.44 62438 56028
irrigation in the beginning of  Hayola4815 968.51 662.34 81542  786.08
flowering Mahtab 720.88 384.17 552.52 500.79
stage up to 50% pods Julius 436.91 442.77 439.84 439.36
Agamax 655.51 41185 553.68  500.86
Sala 624.31 418.01 591.16  497.54
LSD 178.53 134.63 12241 118.76
Long pod 810.24 505.20 6577 619.08
Aram 544.56 419.86 48221 47177
B B0 cpm 595 (5ol e RGS003 612.62 460.50 53656 52343
s Jankom 316.64 259.92 28828 28425
bl
: Solar 82431 521.24 67277 638.03
irrigi't‘its;ri‘:l"t‘l'l‘:‘s t"afge o Hayoladsis 968.51 782.99 87575  862.02
formmation of pods wtil Mahtab 720.88 409.49 56581  521.79
harvest Julius 436.91 459.88 44839 44273
Agamax 655.51 453.86 55469 53426
Sala 62431 500.82 562.56  531.10
LSD 17853 134.63 10401 93.36
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Table 6. Continued alsl.f Jgus
GMP STI SDI YI YSI
Genotype mopy Sl Joxd a3 o wels gl el
D] ) .
AR (559 oS A O jles s Ses S Sloc
Long pod 639.31 0.949 25.04 1.20 0.675
B Aram 495 0.581 19.39 1.04 0.826
w0y B U (palS (5 kel adad RGS003 504.15 0.604 19.75 0.96 0.700
GBI 195 Jankom 242.96 0.139 9.51 0.43 0.620
. Solar 591.46 0.841 23.17 0.98 0.516
Interruption of
e e . N Hayola4815 800.60 1.511 31.36 1.53 0.684
irrigation in the beginning of
flowering Mah'tab 526 0.657 20.60 0.88 0.534
stage up to 50% pods Julius 439.60 0.464 17.22 1.04 1.009
Agamax 516.83 0.631 20.24 0.95 0.645
Sala 509.12 0.637 19.94 0.96 0.677
LSD 119.11 0.299 4.66 0.311 0.247
Long pod 638.02 0.964 24.99 1.05 -
B Aram 476.94 0.536 18.68 0.87 -
G 2o r95 golnl ahad RGS003 529.93 0.667 20.76 0.96 -
il Jankom 286.26 0.193 11.21 0.54 -
. Solar 655.16 1.027 25.66 1.09 -
Interruption of 481 868.84 1785 34.04 1.66
irrigation in the stage of Hayolad815 : ’ ’ ’ )
formation of pods until Mahtab 543.03 0.705 21.27 0.85 -
harvest Julius 44554 0.469 17.45 0.96 -
Agamax 54433 0.702 21.32 0.95 -
Sala 546.48 0.703 21.41 1.04 -
LSD 97.72 0.299 3.829 0.267

S0 )0 B0 B (BlS (g5bel alad alo 1o 33 (i &) Comuluns 3 Jooxi G aS Lo b &l (89) 0, as [y (Sumnod il 06 Y Jgor

(shol b8 V) cuils 1 B (B30 s 95 alo yo (5)ll @ad (55 3 (ol b rsly) (PO 595
Table 7. Correlation cofficients beween seed oil yield and tolerance and stress sensitivity indices in the stage of
Interruption of irrigation in the beginning of flowering stage up to 50% pods (down main diameter) and Interruption
of irrigation in the stage of formation of pods until harvest (above main diameter)
YP YS MP HM YSI GMP STI SDI YI

i:gwwﬁ)ém%"‘ Lo 1 0.65™ 0.94™ 090 -0.55" 0.92™ 0.88" 0.92™ 0.65"

;’;‘ Lulpd o ails o9y o %des ) oo 087 090" 022 089" 090" 089" 1.00™
P S0 eSle () gue (g6 1 0.99™  -0.26™ 0.99™ 0.97" 098" 0.87"
Signlb (eSle g ger 093 008" 1 -0.09% 099 098" 099" 090"

HM

vs1 S:des ol 22l a0 300 20177 -0.01 1 20220 017" -022m 0.22m
B Sygo e Sle (g1 g0 099 099 -0.09% 1 1.00"  0.89™

GMP

- G Jei 22l o5 gget 0977 097" 001 0987 1 098 090

DI FF S @3 g1 0907 0997 0997 =009 1007 098 1 089"

v Sfes LS 66 100”086 0937 032° 0907 088 0907 1

Aoy Sy g gy Jleiml s jo s gre g o e e i 5 4 o * s
ns, * and ** are non-significant and significant at the 1% and 5% levels, respectively
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Ol g bl Sezg wops S Jlail s )0 lo s g
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P8 Sygeys ol plas Gl (Sas 15 68 lys e
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Table 8. Correlation of the studied traits in the studied experiment

0£9) Ol ald gy Al pEgy0des Al (lign  Gmign o 5es
Traits olho Oil Content  Seed Nitrogen Seed Oil Yield Seed Protein Protein Yield
Oil Content €9y Ol 1
Seed Nitrogen Q1S 459y -0.212° 1
Seed Oil Yield 4o €9, o Slos 0.649" -0.285™ 1
Seed Protein 1S yi gy -0.212° 1.000™ -0.295™ 1
Protein Yield i g g 0 ySlos 0.143m 0.591™ 0.506™ 0.591™ 1

Aoy S g g Jleiol mhaw (o s s gl giee e oS5 4 FE o * s
ns, * and ** are non-significant and significant at the 1% and 5% levels, respectively
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